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CorrosionBehaviorofWeldedJointsforCargoOil
TanksofCrudeOilCarrier

JinＧshanWEI,　YanＧchangQI,　ZhiＧlingTIAN,　YunPENG
(StateKeyLaboratoryofAdvancedSteelProcessesandProducts,CentralIron&SteelResearchInstitute,
Beijing１０００８１,China)

Abstract:E３２gradecorrosionresistantsteelwasweldedwithweldingwireswiththreedifferentScontents．ThemiＧ
crostructure,mechanicalproperties,inclusions,andcorrosionbehaviorofweldedjointwereinvestigated．Thejoint
couponcorrosiontestandpotentiodynamicpolarizationtestwerecarriedoutunderthesimulatedcorrosionenvironＧ
mentoftheinnerbottomplatesofcargooiltanks．Thepittinginitiationandpropagationmechanismoftheweldmetal
werestudiedbyscanningelectronmicroscopyandinfinitefocus．Theresultsindicatedthatthemicrostructuresof
threekindsofweldmetalsareallcomposedofacicularferrite,ferritesideＧplateandproeutectoidferrite．ThemicroＧ
structureofheatＧaffectedzoneiscomposedpredominantlyofbainite．JointweldedwithlowSfillerwirehasgoodmeＧ
chanicalproperties．Scandecreasefreecorrosionpotentialandincreasethecorrosiontendency．Thepittinginitiation
isoxideinclusionorsulfideＧoxideinclusioncomplex．Scaninducetheformationofoccludedareaandpromotethe
corrosionpropagation．Thechemicalcompositionsofweldmetalissimilartobasemetal,whichcanlimitthegalvanic
corrosionbetweenweldmetalandbasemetal,andavoidformationofcorrosionstep．
Keywords:cargooiltank;weldedjoint;pitcorrosion;corrosionstep

　　Theinnerbottomplatesofcargooiltanksserve
inaspecialcorrosionenvironment．Thereisanoil
filmontheinnerbottomplates,whichcanprotectit
from corrosion．Stagnantwaterwithahigh NaCl
contentofabout１０mass％ mayexistbetweenthe
oilfilmandcrudeoilincargooiltanks．Thelocaloil
film maybedamagedduringoiltankwashing,reＧ
sultingindirectcontactofstagnantwaterwithbare
steelplateandleadingtopitcorrosiononsteelplate．
Forconventionalshipsteelplate,thegrowthrateof
pitcorrosionisabout２－４mm/a,whichisserious
damageforcrudeoiltanks[１]．A newlydeveloped
steelshowsgoodcorrosionresistance,withitspit
corrosiongrowthratesuppressedto１/４ascomＧ
paredwiththatofconventionalsteel[２]．However,
thecorrosionbehaviorofweldedjointofthenewly
developedsteelisnotextensivelystudied．Thejoint
suffersnotonlypitcorrosionbutalsogalvaniccorＧ
rosion．Toensurethesafetyofcargooiltanks,itis
necessarytostudythecorrosionbehaviorofwelded
jointoftheinnerbottomplate．

　　Thestudyofcorrosionbehavioroflowalloysteel
weldedjointinchlorineionenvironmentfocusesontwo
problems．Oneispitcorrosion,whichinitiatesfrom
inclusionandpropagatesattheeffectofselfＧcatalytic
acidificationaction[３Ｇ５]．Anotheriscorrosionstepon
theinterfaceofjoint[６Ｇ８]．Weldmetalandbasemetal
mayformagalvaniccouplebecauseoftheircompoＧ
sitionand microstructuredifferences,resultingin
galvaniceffectwhichmayacceleratecorrosion．
　 　Inthisstudy,thecorrosionresistantsteel
whichsatisfiesthespecificationofE３２gradeiswelＧ
dedwiththreekindsofweldingwirescontainingdifＧ
ferent S contents． Microstructures, mechanical
properties,inclusionsandcorrosionbehaviorsofthe
jointswerediscussed．

１　ExperimentalMaterialsandProcedure
　　E３２gradesteelwithcorrosionrateofabout０􀆰７
mm/a,whichismuchsmallerthanthecorrosionrateof
５mm/aofconventionalsteelandsatisfiesstandardof
internationalmaritimeorganization(IMO),wasused



asbasemetalforwelding．Eachjointspecimenwas
weldedwithtwosteelplatesofthesizesof５００mm×
２００mm×２０mmandthegrooveshapeisshownin
Fig􀆰１．Gasmetalarcwelding(GMAW)with１００％
CO２asshieldinggaswasused．Theflowrateof
shieldinggaswas２０L/min．Heatinputwas１９kJ/cm,
andinterpasstemperaturewaslowerthan１５０ ℃．
Threekindsofweldingwireswithdiameterof１􀆰２
mmanddifferentScontentswereusedforwelding．
No􀆰１wireisanewlydevelopedcorrosionresistant
welding wire,No􀆰２ wireisconventionalwelding
wire,andNo􀆰３wirecontainshighSforcomparison．
Chemicalcompositionsofweldmetalsareshownin
Table１．Themechanicalpropertiesofweldedjointsare
showninTable２,whicharegoodandsatisfythestandＧ
ardofinternationalassociationofclassificationsociety．

Fig􀆰１　Schematicdiagramofweldinggroove

Table１　Chemicalcompositionsofweldmetal　 mass％

WireNo． C Si Mn S P Ni Fe

１(LowS) ０􀆰０６ ０􀆰３ １􀆰１ ０􀆰００２ ≤０􀆰０２ ０􀆰６ Balance
２(MediumS) ０􀆰０５ ０􀆰４ １􀆰４ ０􀆰００５ ≤０􀆰０２ ０􀆰１ Balance
３(HighS) ０􀆰０５ ０􀆰３ １􀆰３ ０􀆰００８ ≤０􀆰０２ １􀆰０ Balance

Table２　Mechanicalpropertiesofweldedjoints

No．
Akv－２０℃/J Jointtransversetension Sidebending

Notchposition
atweldmetal

Notchposition
atfusionline

Notchpositionat
fusionline＋２mm

Rm/MPa Fractureposition D＝３a

１ １０８ １８０ ３００ ４８０ Basemetal Perfect
２ ９９ １７９ － ４７５ Basemetal Perfect
３ ８７ １５３ － ４８０ Basemetal Perfect

　　　　Note:Akv－２０℃ —Charpyimpactenergy;Rm—Tensilestrength;D—Diameteroftheformer;a—Thicknessoftestspecimen．

　 　Specimens wereground,polished,andthen
etchedwitha３vol􀆰％ nitalsolution．The microＧ
structurewasobservedandphotographedwithLeica
MEFＧ４Mopticalmicroscope(OM)andSＧ４３００scanＧ
ningelectronicmicroscope(SEM)．
　　Jointcorrosiontestssimulatinginnerbottom
environmentofcargooiltank (COT)werecarried
outaccordingtothecorrosionresistantsteelstandＧ
ard approved byIMO．Potentiodynamic polarization
testswereconductedforweldmetalsandbasemetal．
Thejointswerecorrosiontestedfor１６８h．Thesize
ofeachtestpieceis２５mm×６０mm×５mm．Test
solutionis１０ mass％ NaClwiththepH of０􀆰８５,
whichisadjustedbyHClsolution．Thetemperature
ofthetestsolutionis(３０±２)℃．Thesimulating
corrosiontestapparatusforinnerbottom plateis
showninFig􀆰２．Corrosionappearancewasobserved
withSEMandheightvariationfrom weldmetalto
basematerialwasmeasuredwithinfinitefocus．

２　ResultsandDiscussion
２􀆰１　Microstructure
　　Microstructurephotographsofweldmetaland
heatＧaffectedzoneareshowninFig􀆰３,wherethefuＧ
sionlinesaredenotedbywhitearrows．ThemicroＧ
structureofweldmetalconsistsofacicularferritepreＧ

Fig􀆰２　Apparatusforsimulatingcorrosiontestof
innerbottomplate

dominantly,ferritesideＧplateandproeutectoidferＧ
rite,andthe microstructureofhightemperature
heatＧaffectedzoneconsistsmainlyofbainite．

２􀆰２　Inclusionanalysis
　　Theshapesofmostoftheinclusionsinweld
metalsarespherical,asshowninFig􀆰４(a)．Thesize
distributionsofinclusionsinthreeweld metalsare
similar．Mostinclusionsaresmallerthan１􀆰２μmindiＧ
ameter,whileafewinclusionsarelargerthan２􀆰０μm,
asshowninFig􀆰４(b)．Mostinclusionsinweldmetals
areoxideforallthe３weldmetals,whilesomesulfideＧ
oxideinclusioncomplexesappearforweldmetalswith
highSandmiddleScontents,asshowninFig􀆰５．
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